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ABSTRACT 
Objective: To develop a novel, accurate, precise and linear reverse phase high performance liquid chromatographic (RP-HPLC) method for 
simultaneous qualitative and quantitative estimation of ellagic acid and quercetin in an ayurvedic formulation and validate as per international 
conference on harmonization (ICH) guidelines. 
Methods: In the present work, good chromatographic separation was achieved isocratically using a shim-pack HPLC C18 column (4.6 x 250 mm, 
5μm) and a mobile phase consisting of 0.02 M potassium dihydrogen orthophosphate buffer (pH adjusted to 3.5 with orthophosphoric acid) and 
acetonitrile in the ratio 60:40, at flow rate of 1.2 ml/min and column temperature maintained at 35 °C. The effluents obtained were monitored at 
255 nm with UV-visible detector. 
Results: The retention time of ellagic acid and quercetin were found to be 1.65 min and 2.94 min respectively. Linearity of ellagic acid and quercetin 
were tested in the range of 6-14 ppm and 3-11 ppm respectively. The correlation coefficient for ellagic acid and quercetin were 0.997 and 0.993 
respectively. The high recovery values (98 %-102 %) indicate a satisfactory accuracy. The low percent relative standard deviation (% RSD) values 
in the precision study reveals that the method is precise. 
Conclusion: The developed method is novel, simple, precise, rapid, accurate and reproducible for simultaneous quantitative estimation of ellagic 
acid and quercetin in an ayurvedic formulation. Hence the developed method can be used for quantitative analysis and quality control of extracts 
and commercial samples of other plant species and formulation containing these two markers. 
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Ayurvedic medicines are polyherbal formulations and every herb 
consists of array of chemical constituents. Hence, each ayurvedic 
formulation is a source of many different phytochemicals, which 
individually may have different medicinal properties. The 
standardization parameters set for such polyherbal formulations are 
inadequate and therefore quality specifications are not stringent. 
Standardization is an important parameter for maintaining and 
accessing the safety and quality of herbal medicines as they are 
comprised of many chemical constituents and are capable of variation 
[1] therefore, the development of various novel analytical techniques for 
the analysis of medicinally active phytoconstituents has become an 
important step of standardization. The information generated from high 
performance thin layer chromatography (HPTLC) and high-performance 
liquid chromatography (HPLC) fingerprint profiles have a potential 
application in deciding the identity, purity, and strength of herbal 
medicines and also for fixing standards for herbal formulations [2]. 
In the present study we have selected an ayurvedic dental powder, 
which is used to maintain oral hygiene. It is indicated for various 
dental problems and makes teeth and gums stronger. The selected 
ayurvedic formulation contains Embelica officinalis (Phyllanthaceae), 
Terminalia chebula (Combretaceae), Terminalia belerica 
(Combretaceae) and other crude drugs. Two chemical markers were 
selected for quantification namely ellagic acid and quercetin. 
The literature survey reveals that various analytical methods for 
estimation of ellagic acid and quercetin were reported alone and in 
combination with other drugs [3-8] also the simultaneous estimation 
of ellagic acid and quercetin along with other flavonoids by HPLC-DAD 
reported [9] but to the best of our knowledge there is no such reported 
HPLC-UV analysis method for simultaneous estimation of ellagic acid 
and quercetin in an ayurvedic dental formulation. 
In the present investigation, we have developed a simple, optimized 
and validated HPLC method for the standardization of an ayurvedic 
formulation using two chemical markers namely ellagic acid and 
quercetin. The method was validated as per the international 
conference on harmonization (ICH) guidelines. This novel validated 
method has applicability in industry as well as in academia. 
MATERIALS AND METHODS 
HPLC grade ellagic acid and quercetin (purity 99%) were procured as 
gift sample from Yucca Enterprises, Mumbai, India. An ayurvedic 
preparation Vicco vajradanti dental powder used for analysis was 
procured from local market. HPLC grade solvents were purchased from 
Thomas Baker. RP-HPLC shimadzu (LC 2030) model with “Lab Solution” 
software was employed in this method. Analytical column used for the 
separation of analytes was shim-pack HPLC C18 (250 X 4.6 mm, 5 µm).  
Methods 
Selection of wavelength 
Suitable wavelength for the HPLC analysis was determined by 
recording UV spectrums in the range of 200-400 nm for individual 
drug solutions of ellagic acid and quercetin then overlapped. UV 
overlain spectra of these two markers showed that the drugs absorb 
appreciably at 255 nm and hence 255 nm was taken as a detection 
wavelength for HPLC analysis (fig. 1). 
Chromatographic conditions 
The method was developed using reverse phase, shim-pack HPLC 
C18 column (250 X 4.6 mm, 5 µm). The run time was of 10 min. The 
mobile phase used was 0.02 M potassium dihydrogen 
orthophosphate buffer (pH adjusted to 3.5 with orthophosphoric 
acid) and acetonitrile in the ratio 60:40 at a flow rate of 1.2 ml/min, 
column temperature maintained at 35 °C and a detection wavelength 
of 255 nm using a UV-visible detector. 
Preparation of 0.02 M phosphate buffer (pH 3.5) 
About 2.72 g of potassium dihydrogen orthophosphate was 
accurately weighed and dissolved in 950 ml of water. The pH was 
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adjusted to 3.5 with orthophosphoric acid and the volume was made 
up to 1000 ml in volumetric flask. The solution was then filtered 
using 0.45 µ membrane filter. 
Preparation of standard solution 
100 mg of ellagic acid and quercetin standard were accurately 
weighed and transferred into 100 ml volumetric flask respectively. 
About 70 ml solvent was added, sonicated to dissolve and diluted up 
to the mark using solvent (1000 ppm). Final concentration of ellagic 
acid and quercetin were made to 10 ppm and 7 ppm respectively by 
suitable dilutions. 
Sample preparation 
Accurately about 500 mg of dental powder was extracted with 100 ml 
methanol. The sample solution was filtered to obtain a clear solution. 
The stock solution after suitable dilutions was used for further analysis. 
 
 
Fig. 1: UV overlap spectrum of ellagic acid and quercetin 
 
RESULTS AND DISCUSSION  
Method development  
A reverse phase HPLC method was developed keeping in mind the 
system suitability parameters i.e. resolution factor between peaks, 
tailing factor, number of theoretical plates, runtime and the cost 
effectiveness. The developed optimized method resulted in the 
elution of ellagic acid at 1.65 min and quercetin at 2.94 min. Fig. 2 
and 3 represent chromatograms of ellagic acid and quercetin 
standard solution respectively. The total run time was 10 min. 
System suitability tests are an integral part of method development 
and are used to ensure adequate performance of the 
chromatographic system. Retention time, number of theoretical 
plates, peak resolution and peak tailing factor were evaluated for six 
replicate injections of the standard working concentration.  
The results given in table 1 were within the acceptable limits [10]. 
 
 
Fig. 2: Typical chromatogram of ellagic acid standard solution 
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Fig. 3: Typical chromatogram of quercetin standard solution 
 
Table 1: Result of system suitability studies 
Parameters Acceptance limit Ellagic acid  Quercetin  
Retention time (min) -  1.65 2.94  
Resolution factor Not less than 2 - 8.04 
Number of theoretical plate Not less than 2000 3608 3786 
Tailing factor Not more than 2 1.02 1.21 
 
In order to test the applicability of the developed method to an 
ayurvedic formulation, dental powder extracts were 
chromatographed and it is shown in fig. 4. The sample peaks were 
identified by comparing the relative retention times with standard 
markers (fig. 2,3). System suitability parameters were within the 
acceptance limits, ideal for the chromatographed sample. Integration 
of separated peak area was done and each marker concentration 
was determined by using the peak area concentration relationship 
obtained in the standardization step. For the analysis of sample, 
extract of 500 ppm of dental powder was injected in triplicate and 
quantified for two active markers using linear regression equation. 
The results of dental powder extract analysis are reported in table 2. 
 
 
Fig. 4: Typical chromatogram of ayurvedic formulation 
 
Table 2: Analysis of dental powder extract 
Formulation  Marker  Amount found (ppm) n=3 Content (%) 
Dental powder extract 
(500 ppm) 
Ellagic acid  3.86 0.77 
Quercetin  2.85 0.57 
# n: number of injections (n=3) 
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Method validation  
Validation of the analytical method is the process that establishes by 
laboratory studies in which the performance characteristics of the 
method meet the requirements for the intended analytical 
application. The developed HPLC method was validated according to 
ICH guidelines [11] for validation of analytical procedures. The 
method was validated for the parameters like linearity, accuracy, 
system precision, method precision, robustness, limit of detection 
and limit of quantitation. 
Specificity 
Fig. 2-4 for standard drug solutions and sample chromatograms 
reveals that the peaks obtained in the standard solutions and sample 
solution at working concentrations are only because of the drugs as 
blank has no peak at the retention time of ellagic acid and quercetin. 
Accordingly, it can be concluded that the method developed is said 
to be specific [12]. 
Precision 
System precision 
Six replicate injections of the standard solutions at working 
concentration showed percent relative standard deviation (% RSD) 
less than 2 concerning peak area for each marker, which indicates 
the acceptable reproducibility and thereby the precision of the 
system [13, 14]. System precision results are tabulated in table 3. 
Method precision  
Method precision was determined by performing the analysis of the 
sample under the test of repeatability at working concentration. 
Three injections of the sample from the same homogeneous mixture 
at working concentration showed % RSD less than 2 concerning 
content of two markers indicate that the method developed is 
precise by the test of repeatability [13,14] and hence can be 
understood that the method gives consistently reproducible results 
(table 4). 
 
Table 3: System precision results 
S. No. Peak area of ellagic acid (10 ppm) Peak area of quercetin  (7 ppm) 
1 1356692 405178 
2 1397586 409767 
3 1386532 402459 
4 1386582 409876 
5 1386239 403625 
6 1397528 402562 
mean±SD 1385193±14986 405578±3430 
%RSD  1.08 0.85 
# SD: Standard deviation, # %RSD: Percent relative standard deviation, # Result expressed in mean±SD and n=6 
 
Table 4: Method precision results 
Marker Intra-day Inter-day 
Content (ppm) n=3  % RSD Content (ppm) n=3 %RSD 
Ellagic acid 3.83  0.78 3.85 0.25 
Quercetin  2.84 0.35 2.83 0.53 
# n: number of injections (n=3), # %RSD: Percent relative standard deviation 
 
Linearity 
Standard solutions of ellagic acid and quercetin at different 
concentrations level were prepared in triplicates. Calibration curves 
were constructed by plotting the concentration level versus 
corresponding peak areas for each marker. The results show an 
excellent correlation between peak areas and concentrations level 
within the tested concentration range of 6-14 ppm for ellagic acid 
and as that of 3-11 ppm for quercetin (table 5). The correlation 
coefficients were greater than 0.99 for each marker, which meet the 
method validation acceptance criteria [13, 14] and hence the method 
is said to be linear (fig. 5, 6). 
 
Table 5: Data from linearity studies 
Marker Concentration range (ppm) R2 
Ellagic acid  6-14 0.997 
Quercetin  3-11 0.993 
 
 
Fig. 5: Calibration curve of ellagic acid 
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Fig. 6: Calibration curve of quercetin 
 
Accuracy 
Accuracy was determined by means of recovery experiments, by the 
determination of % mean recovery of each compounds in the 
formulation at three different levels (80%, 100% and120%). At each 
level, three determinations were performed. Percent mean recovery 
was calculated as shown in table 6. The accepted limits of mean 
recovery are 98%-102% and all observed data were within the 
required range, which indicates good recovery values, affirming the 
accuracy of the method developed [13, 14]. 
 
Table 6: Recovery study for two markers in dental powder 












Ellagic acid  1.93 1.54 3.47 801379 3.41  98.45 
  1.93 3.86 836549 3.84 99.70 
  2.31 4.24 865239 4.20 99.09 
 Quercetin  1.42 1.14 2.56 384998 2.54 99.57 
  1.42 2.84 386510 2.85 100.55 
  1.70 3.12 387645 3.08 98.90 
# n: Number of injections (n=3) 
 
Robustness 
To determine the robustness of the developed method, experimental 
conditions were deliberately altered, and the system suitability 
parameter tailing factor and peak area were evaluated. The solution 
was prepared as per the test method described earlier and injected 
at different variable conditions like column temperature (33 °C and 
37 °C), flow rate (1.1 ml/min and 1.3 ml/min) and detection 
wavelength (254 nm and 256 nm). Robustness data clearly shows 
that the proposed method is robust at small but deliberate change 
[13, 14]. Robustness data are given in table 7. 
 
Table 7: Robustness data for ellagic acid and quercetin 
Parameters  Ellagic acid (10 ppm) Quercetin (7 ppm)  
Peak area Tailing factor Peak area Tailing factor 
Minus temp (33 °C) 1356692 1.02 405178 0.98 
Plus temp (37 °C) 1356786 1.00 408768 0.97 
Minus flow rate(1.1 ml/min) 1356825 1.08 404863 1.00 
Plus flow rate (1.3 ml/min) 1357687 1.09 405283 1.21 
Minus wavelength [254 nm] 1357358 0.99 405834 0.93 
Plus wavelength [256 nm]  1367846 1.37 406834 0.82 
 
Sensitivity  
The sensitivity of measurement of ellagic acid and quercetin by use 
of the proposed method were estimated in terms of the limit of 
quantitation (LOQ) and limit of detection (LOD).  
LOQ and LOD were calculated by the use of the equations LOD = 
3.3σ/S and LOQ = 10σ/S where σ is the standard deviation of 
intercepts of calibration plots and S is the average of the slopes of 
the corresponding calibration plot (table 8). 
 
Table 8: LOD and LOQ for ellagic acid and quercetin 
Marker  LOD (ppm) LOQ (ppm) 
Ellagic acid   0.60 1.84 
Quercetin  0.45 1.60 
# LOD: limit of detection, # LOQ: limit of quantitation 
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The results obtained from above set of observations prove that the 
method is useful in qualitative and quantitative analysis of the two 
markers from the complex herbal mixture formulation. Moreover, 
various analytical methods for estimation of ellagic acid and quercetin 
were reported alone and in combination with other drugs [3-8] also 
simultaneous estimation of ellagic acid and quercetin along with other 
flavonoids by HPLC-DAD reported [9] but as yet there is no reported 
HPLC-UV analysis method for simultaneous estimation of ellagic acid 
and quercetin combination in an ayurvedic dental formulation and the 
novel method developed in this report is the first of its kind. The 
developed method is based on the use of very economical solvent, had 
short chromatographic time and hence can be performed with ease. 
CONCLUSION 
The results indicate that selected ayurvedic dental powder contains 
a number of markers that may be responsible for its therapeutic 
activity. The developed HPLC method will assist in the 
standardization of dental powder using biologically active chemical 
markers. The developed HPLC method for simultaneous 
determination of ellagic acid and quercetin from ayurvedic dental 
powder is accurate, precise, reproducible and repeatable. These 
ayurvedic dental powder also contains a number of other 
constituents, which are currently the subject of further investigation, 
apart from those standards studied. With the growing demand for 
herbal drugs and increased belief in the usage of herbal medicine, 
the development of a standardization tool will help in maintaining 
the quality of this important ayurvedic preparation. 
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